There is a growing consensus that knowledge drives firms' process and product innovations. An important source of these innovations is from firms networking with R&D partners, such as those in the science system and other industries in the enterprise group. This paper aimed to examine firms' innovation collaborations with science systems and enterprise group partners and how these influence their product and process innovations. We focused on firms in the manufacturing sectors in the Czech Republic and Hungary. For our empirical analysis, we used the truncated data from the Eurostat Community Innovation Survey (CIS) 2012-2014, and the binary logistic regression model. Our results have demonstrated that firms' collaborations with these actors have a discernible positive influence on their product innovations. Conversely, the collaborations with these R&D partners for process innovations produced mixed results for both countries.
Introduction
In recent decades, there is a paradigm shift from conducting innovations in isolation to the collaborative innovation models where firms cooperate and depend on other R&D partners for their knowledge and innovations. The interactions of universities, industries, and governments have been described by Leydesdorff (2012) as 'neo-institutional arrangements,' which can be made the subject of social network analyses. Social institutions, such as the science system (universities and other public research organizations), and other industries in the enterprise group have begun mutually beneficial collaborations and interactions. A multitude of studies on research and development (R&D) collaborations have demonstrated that these partnerships are essential for achieving product and process innovations because they enable firms' access to the external knowledge they need to innovate and transform their products and processes (Un et al. 2010; Wu 2012; Feller et al. 2013) .
However, the existing literature reviewed revealed some caveats that raise doubts about the general applicability of the results of these innovation collaborations between the science system actors and firms in the enterprise group. For instance, most of these empirical studies focused on countries classified as innovation leaders and those with strong innovation potential, such as the United Kingdom, Denmark, France, Germany, and Sweden among others (Banal-Estañol et al. 2015; Kergroach et al. 2018; Liu et al. 2019) . These studies demonstrated that these R&D collaborations are noticeable in these innovation leaders and strong innovative countries, but they differ significantly and are almost completely rare in new EU countries, such as Hungary and the Czech Republic, classified as moderate innovators still undergoing structural changes from communism to market economies. There are huge socioeconomic and innovation gaps between strong and moderate innovative countries and this may have an impact on the expected generalization of the results of these studies on innovation collaborations as a one size fits all approach. Due to these differences in innovation potentials, factors promoting successful innovation collaborations and sources of innovations used by strong innovation leaders can therefore not be applicable to moderate innovative countries, like the Czech Republic and Hungary. Hence, more empirical evidence from moderate innovators and transition countries are greatly desirable.
Recent studies on innovation activities in the Czech Republic by and focused on the factors driving firms' innovations, but did not focus on firms' R&D collaborations and how they influence product and process innovations. In Hungary, studies by Hashi and Stojčić (2013) and Zygmunt (2017) assessed the impact of innovation activities on firms' innovation performance. In this article, we address this gap by empirically examining the relationship between firms' collaborations with other firms in enterprise groups, universities, and government research institutions and how they can potentially influence product and process innovations. We aim to examine whether firms in the manufacturing sectors in both countries' product and process innovations are influenced by their collaborations with these R&D partners.
Innovation is the consequence of the various interactions that exist between these social actors and institutions, and these numerous interactions have become known as the national innovation system (Nelson 2013) . Innovations result from the constant interactions, and communication and feedback sharing among these various social actors. These collaborations have three dimensions and flow of resources and outputs in the form of knowledge and innovation between universities, industries, and governments research organizations (Leydesdorff 2012) . These collaborations or interactions lead to the transformation of knowledge produced by the science system into innovation.
Firms' R&D collaborations are increasingly becoming a vital source of innovation. Firms' cooperation with partners, such as universities, other enterprises, and government research institutions, results in innovations, which subsequently drive and improve their productivity. Innovation is defined by Crossan and Apaydin (2010) as the "production or adoption, assimilation, and exploitation of a value-added novelty in economic and social spheres; renewal and enlargement of products, services, and markets; development of new methods of production; and establishment of new management systems. It is both a process and an outcome" (p. 1155). In this paper, we focused on two types of innovations: Product and process. Product innovation simply refers to the ability of firms to introduce significantly new and improved goods or services to the market whilst process innovation entails the implementation of new or significantly improved methods of production or deliveries (Hervas-Oliver et al. 2014) . Process innovation involves the creation and application of new ideas and methods by manufacturing companies (Trantopoulos et al. 2017 ). This encompasses several industrial activities, such as advanced changes in the production process, introduction of new equipment, and new management practices. Firms resort to large scale process development when they are in intense competition with rivals in the same market (Un and Asakawa 2015) .
The main motivation for selecting the Czech Republic and Hungary for our analysis is because they are currently the best performing and biggest economic giants among the Visegrad group of countries (Ivanová and Masárová 2018) , but less is known about firms' R&D collaborations for knowledge and innovations in these countries. In this paper, we focused on the manufacturing industries in both countries. The manufacturing sectors in these countries contribute decisively to their economies' health, employment, and driving increases in wages and salaries. For instance, the automotive industry alone in the Czech Republic employs about 120,000 people and contributes about 47.3% to the GDP (Dvořák et al. 2017) . Similarly, in Hungary, the manufacturing sector accounts for about one quarter of the country's GDP and attracts foreign direct investments (FDI) to the tune of about EUR 71.6 billion, the highest amount in Central and Eastern Europe (Brada and Singh 2017) . Due to the significant contributions these industries in both countries provide, we assess their sources of knowledge and innovations by focusing on whether their collaborations with partners in the science system and enterprise group influence their products and process innovation. We focused on these selected R&D partners because the science system is the hub of research that can be appropriated by firms for their innovation activities. Also, we considered the enterprise group as a source of firms' knowledge and innovation because of the continuous interactions among partners. Sharing centralized innovation decisions means these firms in the group are under compulsion to implement these innovative decisions taken collectively by seeking new knowledge that can be transmuted into innovation.
The rest of the article is organized as follows. The next section describes the empirical and theoretical literature that explores the sources of firms' product and process innovations. Section 3 focuses on the methodology, the variables used, and presents the source of the dataset. The empirical results and the test of their robustness by means of the binomial logistic regression are included in Section 4, and Section 5 discusses the results in the perspective of the existing literature. The final part concludes with recommendations and suggestions for further research.
Theoretical Background and Hypotheses Development
Firms' product and process innovations increasingly depend on their ability to absorb and assimilate external knowledge, information, and technologies. An important source of knowledge and innovations that can improve firms' economic competitiveness can be from their internal confines. Externally, they can also collaborate with other partners for these innovations. Firms can derive their innovations from their internal ecosystem by carrying out regular in-house activities, such as trainings and workshops, among others. They can also derive their innovations externally by forming synergies with other partners, such as the science system (universities and public research organizations), that are the birthplaces of knowledge and research. Also, externally, firms' interactions with other partners in the market environment, such as those in their enterprise group, can stimulate them to adopt innovative measures (Maietta 2015) . The relationship between these social actors results in knowledge flows and appropriation resulting in innovations (Huggins et al. 2008) . The constant interactions, communications, and feedback sharing among these social entities enable them to gain vital knowledge that can influence their innovation activities (Zhang et al. 2016) .
These external innovation collaborations can help firms to overcome their innovation barriers and allow them access to knowledge, which is seen as vital in the innovation process (West and Bogers 2014) . Firms' innovation collaborations with other partners in the science system and their enterprise group increases the likelihood of accomplishing innovations (Belderbos et al. 2015) .
Universities and public research organizations are the center of research activities that have become the engines of industrial innovations (Perkmann et al. 2013) . Firms' collaborations with universities as well as other higher educational institutions (public research institutions inclusive) form an imperative source of knowledge transfers (Odei and Stejskal 2018a) . Universities generate new ideas, providing skilled human capital in tandem to their knowledge creation competence. According to Foray and Steinmueller (2003) , universities and other public research centers have a crucial role to play in creating knowledge and translating it into innovative products and services, in close cooperation with businesses. Public research institutes (PRIs) also play similar roles to universities with slight variations in their activities. Universities perform the dual functions of research and teaching, whereas PRIs solely offer direct R&D support to public authorities and firms.
Universities and PRIs can primarily be relied upon to achieve product innovations and conduct basic research into particular technologies (Tether 2002) . Universities and PRIs are significant sources of knowledge for firms' innovations, especially in emerging technologies. When firms partner with universities and PRIs, they stand a good chance of introducing onto the market new or significantly improved goods and services that give them the competitive edge over their market rivals (Wu 2014) . Firms' collaborations with universities and PRIs permit them to have access to how industrial processes are conducted, and this helps them to improve upon their product quality, thereby making them highly efficient. These R&D collaborations allow university researchers to gain detailed insight into industrial processes and this positions them better to provide advisory or consultancy services that can help in improving their innovations (Kim et al. 2006) . Firms can have access to universities' academic research, which they can morph into innovative products and services when they collaborate (Kempton 2015) . According to Belderbos et al. (2015) , firms' innovation collaborations with universities and other public research organizations are seen as the most effective means to achieve innovations envisioned to open firms to new markets. Countries characterized as having low innovative potentials have low innovation capacities due to less support from their governments. The lack of a well-established balance in public finances swells the interest rate and makes financing less available for the private sector, leading to what has become known as the crowding-out effect. This makes firms unable to rely on the financial market's borrowing to support their innovation activities. This results in low levels of investment in research and development. To avoid or overcome these low R&D potentials, firms will have to collaborate efficiently with knowledge and R&D hubs, such as universities and other public research organizations. We summarize this understanding that firms engaging in R&D collaborations with knowledge producers, such as universities and other public research organizations, may result in higher probabilities of generating and introducing product and process innovations than their collaborations with other R&D partners, and as such, we therefore hypothesize that: Hypothesis 1. For manufacturing firms, R&D collaborations with science system partners are highly likely to result in product innovations than process innovations.
The enterprise group can be a vital source of both product and process innovations for firms. The enterprise group consists of the associations of enterprises that are connected to each other legally or financially with a centralized command. Firms in the enterprise group have numerous decision-making procedures and centers, and these decision-making processes can influence their product and process innovations. Firms that are part of an enterprise group are inclined to cooperate among themselves for their product and process innovation (Mohnen and Hoareau 2003) . Studies conducted by Busom and Fernández-Ribas (2008) concluded that firms that are part of an enterprise group prefer to collaborate among themselves for their innovations. Firms belonging to a group stand a lofty chance of benefiting from enhanced communication structures and are well-informed about possible methods and new techniques to improve their products and processes (Hottenrott and Lopes-Bento 2014) . In countries with low innovation potential, the prospects of firms collaborating with science system partners are low because these knowledge institutions do not generate commercially viable R&D that can be appropriated by industries. So, firms, especially in the same enterprise group, are likely to collaborate for their knowledge and other innovation needs. These collaborations among firms in the group will help to minimize the high cost of innovating in isolation, improving their access to diverse knowledge that can help to improve their innovation performances.
We conclude and build on the idea that firms' continuous collaborations with other industries in their enterprise group enable them to access complementary knowledge and information that can influence their innovations rather than with different R&D collaborators. Thus, we offer the following hypothesis:
Hypothesis 2. For manufacturing firms, their R&D collaborations with other partners in the enterprise group are more likely to result in product innovations.
Hypothesis 3. Firms' R&D collaborations with other partners in the enterprise group are less likely to improve their process innovations.
The literature has suggested that a certain number of industry and firm variables could affect the possibilities of innovation within firms. Firm characteristics, such as its size and ownership, play potential roles and impact on firms' innovation potentials. Firm size is an important factor that has widely been used to determine the probability of firms' collaborations with other R&D partners (Laursen and Salter 2014) . Firm size can influence firms' collaborations as well as their decisions to procure new equipment and expertise to improve their processes and product. Large firms are more probable to collaborate with other partners, such as universities, and other public research institutions for their R&D (Mohnen and Hoareau 2003) . This is because large firms have the financial endowments and research intensity (human resource base) needed to embark on R&D. A research by Tether (2002) concluded that large firms are preferred for collaborations than smaller and medium enterprises (SMEs). Conversely, SMEs are branded as having decreasing R&D economies of scale, hampered by inadequate expertise and funding needed to execute in-house innovation activities (Chun and Mun 2012) . Numerous studies have found a direct relationship between process innovations and firm size (e.g., Forés and Camisón 2016) . These findings are consistent with the literature on technology adoption and the role of firm size in shaping the potential of firms to adopt new technologies. As suggested by these studies, it can be expected that large firms will be more likely to be product and process innovators because they have the resource capabilities (Damanpour 2010) .
Similarly, firm ownership can also influence their product and process innovation potentials. Owners of firms can influence its innovation activities by undertaking new initiatives aimed at affecting their abilities to introduce new products or processes, as well as helping to find suitable markets for exports. Foreign ownership relates to a ballooned likelihood of innovations due to their higher spending on in-house R&D activities. Foreign owned firms are more probable to invest in the acquisition of external knowledge than locally owned firms (Sasidharan and Kathuria 2011) . Multinational firms transfer higher technologies in the form of new products and processes to developing countries using their subsidiaries (Pietrobelli and Rabellotti 2011) . Foreign owned firms are more likely to introduce new products or processes than locally owned firms. However, studies conducted by Crespi and Zuniga (2012) produced mixed results for selected Latin American countries; multinational firms had significant and positive influence on R&D in Uruguay, Argentina, and Panama, but the results were negative in Costa Rica, Chile, and Colombia. Foreign-owned firms or those part of multinational groups gain from both economies of scope and scale and are endowed with vigorous financial strength to invest in innovation and its related activities. They are better positioned than locally owned firms to attract skilled labor and acquire advanced equipment needed for innovation activities (Criaco et al. 2014) . Hence, foreign-owned firms are more likely to build innovation networks with universities and PRIs as well as other partners in their group.
Data and Variable Description
We used data from the anonymized Community Innovation Survey (CIS) conducted between 2012 and 2014 for our empirical analysis. CIS provides harmonized information about innovation activities in enterprises and it centers on the various aspects of developing firm-level innovations, providing detailed information on firms' sources of knowledge and information, public funding, and innovation expenditures. In accordance with the literature (see Bolli and Woerter 2013), we sampled a total of 6191 manufacturing industries (both large and SMEs) that carried out R&D activities in the period 2012-2014 in the Czech Republic and Hungary (3069 and 3122, respectively).
The dependent variables used for these analyses are binary in nature, providing information on whether firms collaborated for their innovation or not. They include:
• Firms' collaboration with other enterprises within their enterprise group (COENG).
• Firms' collaboration with universities and other higher educational institutions (COUNI).
• Collaboration with public research institutions (COGOV).
The independent variables used in our models focused on product and process innovations and they include:
•
Introduced onto the market a new or significantly improved good (INPDGD).
Introduced onto the market a new or significantly improved service (INPDSV). •
Introduced onto the market a new or significantly improved method of production (INPSPD).
•
Introduced onto the market a new or significantly improved logistic, delivery, or distribution system (INPSLG).
Introduced onto the market new or significantly improved supporting activities (INPSSU).
Control Variables
We also considered other firm characteristics that can stimulate firms' innovations and R&D collaborations as our control variables. We included two control variables that have frequently been used to correlate closely with a firm's collaboration. They are firm size, measured as the log number of total employees in the firm (based on this classification, firms can be lumped into large firms or small and medium Enterprises (SMEs)), and ownership measured by if the firm is local or foreign owned.
Empirical Model
The binomial logistic regression was used for this study due to the dichotomous nature of the dependent variables (types of collaborations). The binomial logistic model explains the variations in firms' collaborations based on the changes in the independent variables. The model works on the assumption that the dependent variable is a linear function of the independent variables with an error term (εi). The study has assumed that the relationship between firms' R&D collaborations and their product and process innovations is a linear function. The general formula for the binomial logistic regression is given by Tranmer and Elliot (2008) as follows:
The reduced form of the binomial logistic model can be expressed as:
where:
Coll = a firm's collaboration; α = the intercept; βi = regression coefficients; Xi = independent variables; ε = the error term.
To be able to ascertain whether a firm's collaborations with actors in the science system and the enterprise group influence their process and product innovations, we ran three separate models for each country. The results are explained in the next section.
Results and Discussion
The explanatory powers of our binomial logistic models range between 2% and 47%, and the low levels of the model's predictive powers indicate that the possibilities of these innovation collaborations in the two countries are at lower levels. This does not take away the fact that our regression models have statistically significant explanatory and predictive powers. Table 1 provides the results of the tests of the hypotheses for Hungary. The results show that our Hypothesis 1 is fully supported, while Hypothesis 2 is also fully supported. However, our Hypothesis 3 is somewhat supported. The results for Hypothesis 3 showed that firms' collaborations with other partners in the enterprise group only improved supporting activities for processes, but did not improve their manufacturing or logistics methods. The results show that firms' product innovations are positively associated with their R&D collaborations. When firms collaborate with other industries in the enterprise group, universities and government research institutions, they are highly probable to introduce onto the market new or significantly improved goods as well as services. This implies that the firms in Hungary can improve their product innovations when they collaborate with these R&D partners. This is particularly true because universities and other public research organizations are the birthplaces of knowledge that are the heart of the innovation process. Our result is consistent with the numerous studies that concluded that firms' collaborations with universities, industries, and governments' research centers influence their innovations Johnston and Huggins 2017; Braunerhjelm et al. 2018) . Source: Own calculations. Legend: Standard errors in parentheses, statistical significance *** p < 0.01, ** p < 0.05, * p < 0.1.
However, when it comes to firms' process innovations, the study has demonstrated that there is a positive and statistically significant correlation between firms' collaborations with universities and their propensity to introduce onto the market a new or significantly improved method of production. This implies that when firms collaborate with universities, they can increase their process innovations.
Knowledge gained by graduates from universities can help firms to improve upon their production process when they collaborate either for the short or long term.
Furthermore, there is a statistically significant, but a negative relationship between firms' collaborations and their ability to introduce onto the market a new or significantly improved logistic, delivery, or distribution system. This implies that firms' collaborations with universities is probable to have an adverse effect on their likelihood of offering to the market an improved logistic delivery or distribution system. This can be attributed to the fact that universities do not deal in logistics, but produce knowledge and human capital (Odei and Stejskal 2018b) .
Additionally, there is a statistically significant and positive association between a firm's collaborations and their process innovations. When firms collaborate with other enterprises in their group and universities, they are highly likely to introduce onto the market new or significantly improved supporting activities. These supporting activities include technological development, procurement systems, human resource (HR) management, company infrastructure, etc. Collaborations with other enterprises in the group can help firms improve their technology, procurement systems, and company infrastructure. Analogously, collaborations with universities can also help firms to overcome their manpower constraints (Criaco et al. 2014) .
The control variables in our models behaved in a manner consistent with conventional expectations. There is statistically significant and positive association between locally owned firms' propensity to collaborate. Locally owned firms in Hungary are to a large extent probable to collaborate with other enterprises in the group, whilst multinational firms do not collaborate with firms in the enterprise, universities, and with government research institutions. Correspondingly, larger firms demonstrated a positive statistically significant association and collaboration propensities, meaning they were highly probable to collaborate with universities and public research organizations in Hungary for their innovations (Bstieler et al. 2015) , whilst SMEs collaborated with only universities.
At the polar end, the result in the Czech Republic is akin to that of Hungary described above. It can be seen from Table 2 that Hypothesis 1 is fully supported whilst our Hypothesis 2 is also fully supported. The results show that although Hypothesis 3 was somewhat rejected, this was not true for all the variables for process innovations. Firms' collaborations with enterprise group partners improved their process innovation activities, such as improved production methods and improved supporting activities for their processes. Firms' collaborations with universities and government research organizations were positive and statistically significant in influencing the product innovations in these firms. This means that when firms collaborated with science system partners, they stood a good chance of introducing onto the market new or significantly improved goods and services. With regards to firms' process innovations, their collaborations with universities and government research organizations were all positive and statistically significant. This is because the codified and embodied knowledge as well as the technological development and innovations generated in these knowledge centers can be taken up by innovative firms. Collaborations with other enterprises in the group, with universities, and government research organizations to a large extent impacted on the probability of these firms to introduce onto the market a new or significantly improved methods of production. Also, the collaborations with science system partners and market partners in the enterprise group positively impacted on a firm's propensity to introduce onto the market new or significantly improved supporting activities. Surprisingly, a firm's collaboration was not statistically significant in affecting the probability to introduce onto the market a new or significantly improved logistic, delivery, or distribution system. Lastly, the control variables for the Czech Republic also behaved in the way that one might expect. Locally owned firms in the Czech Republic are significantly likely to collaborate with other firms in the enterprise group, universities, and with government research organizations. Conversely, multinational firms did not collaborate with these partners for their innovations. Firm size was also positive and statistically significant in influencing both large firms and SMEs to collaborate with universities and government research organizations. This is consistent with similar findings by Cunningham and Link (2015) , Bellucci and Pennacchio (2016) , and Rõigas et al. (2018) . Source: Own calculations. Legend: Standard errors in parentheses, statistical significance *** p < 0.01, ** p < 0.05, * p < 0.1.
Conclusions
In this article, we analyzed firms' product and process innovations and whether they are influenced by their collaborations with science system partners, such as universities and other higher educational institutions, government research organizations, and other firms in the enterprise group. Firms' R&D collaborations with these partners are known to be significant sources of firm-level innovations. For countries with moderate innovation potential, such as the Czech Republic and Hungary, the constant and sustained interactions among these actors can help to improve productivity and general innovation performances. Using the binomial logistic regression analysis, the researchers analyzed data from 6191 manufacturing industries in the Czech Republic and Hungary. The findings revealed that collaborations with science system partners and other enterprises in the firm's group are vital sources of a firm's product and process innovations in both countries. For the firms in both countries, their collaborations with other enterprises, universities, and government research institutions positively impacted on their probabilities to introduce onto the market new and improved goods as well as services.
We conclude that these R&D collaborations are more likely to result in firms' process innovations, but the results were mixed for both countries. For the firms in Hungary, there was a positive statistical significance in their possibilities to significantly improve their production methods when they collaborated with universities. However, their collaborations with universities were not statistically significant in impacting on the prospects of introducing onto the market a new or significantly improved logistic, delivery, or distribution system in both countries. Additionally, our results also demonstrated that firms' collaborations with other enterprises in the group as well as with universities are more likely to result in their propensities to improve their supporting activities, such as accounting systems, operations, and their system maintenance.
Our results for the Czech Republic are similar to that of Hungary, but surprisingly, firms' collaborations with other enterprises in their group, universities, and government research centers were not statistically significant in affecting their possibilities to improve their logistics and delivery systems for their goods and services. It is possible these firms depend on other partners, such as suppliers of equipment and materials, for their logistics needs.
Again, we also conclude that foreign owned firms (multinationals) did not collaborate with other firms in the local enterprise group, universities, and government research institutions in both countries. These firms are probable to collaborate with other firms, universities, and government research institutions in the countries of their headquarters. On the contrary, firms with local ownerships were highly probable to collaborate with universities, government research organizations, and other firms that are part of their group in both countries. Our results also showed that large firms as well as SMEs in both countries collaborated with universities and government research institutions, but not with other partners in the enterprise group. These findings contribute to the increasing studies on firm-level innovations and R&D collaborations in Visegrad countries.
This study provides practical implications for universities, industries, and government policy makers. We have shown that the science system consisting of higher educational institutions and other public research organizations is vital for firms' product and process innovations. We therefore recommend that governments in both countries provide the necessary support, such as funding and tax incentives, to these institutions to facilitate their collaborations and research potentials. Firms are also encouraged to collaborate with science system partners by providing funding to universities and other public research organizations to conduct research that can help to improve both their product and process innovations.
The following limitations have been noted by this study and they pose challenges which should be addressed in future studies. This study focused on just product and process innovations in the manufacturing industries in the Czech Republic and Hungary. We suggest that future studies should focus on organizational or marketing innovation within firms. This will help to conclude that R&D collaborations with these partners stimulate firms' innovations in general. Geographically, this study narrowly focused on the manufacturing industries in the Czech Republic and Hungary, and this may be replicated in other countries with different industries or sectors to help identify the variations in firms' sources of innovations. From the methodological perspective, there is a limitation to our statistical method and this might affect the validity and conclusion of our results. This study used the logistic regression model with binary dependent outcomes. We propose further studies to use other alternative robust statistical techniques, such as structural equation modeling (SEM), that can model more outcomes. Instead of the random interactions in the predictor variables in the logistics model, the SEM works on the assumption that all the independent variables are constant and do not interact. This can address likely problems, such as false positive and estimation bias, leading to more reliable conclusions that will help corroborate our findings.
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